9. 


PATENT COOPERATION TREAS 


From the INTERNATIONAL SEARCHING AUTHORITY 


To: 


LOWE HAUPTMAN GILMAN 
& BERNER, LLP 
Attn. Lowe, Allan M. 
1700 Diagonal Road 
Suite 310 

Alexandria, VA 22314 
UNITED STATES OF AMERICA 


PCT 


COMMUNICATION IN CASES FOR WHICH 
NO OTHER FORM IS APPLICABLE 


Applicant's or agent's file reference 

4531-004 PCT 


International application No. 

PCT/ US 01/22512 


Date of mailing 
(day/month/year) 


03/06/2002 


REPLY DUE 


See paragraph 1 below 


International filing date- — 


(day/month/year) 


19/07/2001 


Applicant 

CHILD, Joseph R. 


1. [~] REPLY DUE within.. 


iMfrfiEflsVdays.f rom the.above date of mailing 


[~| NO REPLY DUE 
2. COMMUNICATION: 

Dear Sir/Madame, 

Please find attached the corrected version of the International 
Search Report for application no. PCT/US01/22512 
We apologise sincerely for any inconvience caused. 

Sincerely, : r 


Carina Bergstrom 


Name and mailing address of the International Searching Authority 

European Patent Office, P.B. 5818 Patentlaan 2 
~ NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
. Fax: (+31-70) 340-3016 


Authorized officer 


Carina BergstrjnT 


- Form PCT/ISA/224*(January 1994) 



lo/ogZ S'S^l PATENT COOPERATION TREATY 


From the INTERNATIONAL SEARCHING AUTHORITY 


To: 

LOWE HAUPTMAN GILMAN 
& BERNER, LLP 
Attn. Lowe, Allan M. 
1700 Diagonal Road 
Suite 310 

Alexandria, VA 22314 
UNITED STATES OF AMERICA 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT 
OR THE DECLARATION 

(PCT Rule 44.1) 

Date of mailing 

(day/month/year) g j /2Q02 

Applicant's or agent's file reference 

4531-004 PCT 

FOR FURTHER ACTION See paragraphs 1 and 4 below 

International application No. 

PCT/ US 01/22512 

International filing date - 
(day/month/year) 19/07/2001 

Applicant 

CHILD, Joseph R. 


\. Lfifl „JThe_appl leant is Jiereby_ notified Jhat.the lnternational:Search:Beport_has„been_estabIished.andJsJran 
Filing of amendments and statement under Article 19: 

The applicant Is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report; however, for more details, see the notes on the accompanying sheet. 

Where? Directly to the International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 
Fascimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 


2. I I The applicant is hereby notified that no International Search Report will be established and that the declaration under 
1 — 1 Article 17(2)(a) to that effect is transmitted herewith. * - 

3; -FT] With regard to the protest: ag^nst.payment of (an) additional fee(s) Under Rule 40.2,4he appli^ 

| I the protest together with the decision thereon has been transmitted to the International Bureau- together' wlth;tHe 1 
■ — ' applicant's request to-forward the texts of both the protest and the decision thereon to the designated.Offices^ 

| | no decision has been made yet on the protest; the applicantwill be notified as soon as a decision. is made.-; w. 

4. Further action(s): The: applicant is'\reminded of the following: 5 ■ ■ r^ijiSfes-* ■ *' : > >m*.H-^ . %*\*rt'> ?r 6**^1. ft 

Shortly after 18 months from the priority date, the international application will be published by„the I nternatlonal Bureau^ ? 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal ; of the international application- or of .the. 
priority claim, must reach the International ; Bureau as provided in Rules 90b/s.T'and 90 b/s.3i respective jy, before the;." v 
completion of the technical preparations for international publication. -/-^ - : t., •>• *.u 

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Within 20 months from the. priority jdate, the applicant must perform the prescribed acts for entry Into thenatipnal phase 
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. . . — - _ . 



Name and mailing address. of theJntemational Searching Authority 
European Patent Office, P. B. 5818 Patentlaan 2 
iffl NL-2280 HV Rijswijk 

UMj Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
«W Fay (^.31 _70) 340-301 6 

Authorized officer..^ _ . _ 

Carina Bergstr A m 




6 


>/^WT COOPERATION TREATY 

PCT 

INTERNATIONAL SEARCH REPORT 


(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent* s file reference 

4531-004 PCT 

cad FURTHER see Notification of Transmittal of International search Report 

(Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 

International application No. 

International filing date (day/month/year) 

(Earliest) Priority Date (clay/month/year) 

PCT/ US 01/22512 

19/07/2001 

19/07/2000 

Applicant 



CHILD, Joseph R. 




This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 


. sheets. 


This International Search Report consists of a total of 6 

|X| It is also accompanied by a copy of each prior art document cited in this report. 


Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

□ 


b. 


2. 
3. 


the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

| | contained in the international application in written form. 

[ j filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

pjj furnished subsequently to this Authority in computer readble form. 

| I the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished 

| | Certain claims were found unsearchable (See Box I). 
| | Unity of invention is lacking (see Box II). 


4. With regard to the title, 

j [ the text is approved as submitted by the applicant. 
l"X~l the text has been established by this Authority to read as follows: 
NETWORK AND STATIONS FOR FREE SPACE OPTICAL COMMUNICATION 


With regard to the abstract, 

|X| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 3. 


| | as suggested by the applicant. O None of tne figures. 

[X| because the applicant failed to suggest a figure. 
[ | because this figure better characterizes the invention. 


Form PCT/ISA/210 (first sheet) (July 1998) 


INTERNATIONAL SEARCH REPORT 


Intern^^kl 

pctHS^ 


J Application No 

01/22512 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04B10/10 


According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04B 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

PAJ, EPO-Internal , WPI Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category e 


Citation 


ion^ffocurnei 


f nt, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 



WO 00 04660 A (ELLIOTT CAMERON S ; STEVENS 
JAMES CHARLES (US); SCHUSTER JOHN (US);) 
27 January 2000 (2000-01-27) 


page 5, line 18 -page 6, line 24 
page 7, line 7 - line 19 
page 17, line 23 -page 18, line 2 
page 26, line 7 - line 27 
page 39, line 24 -page 40, line 3 
figures 3B, 11, 12, 15, 18, 


I, 2,4,5, 

II, 15, 
17,18, 
20,21, 
27,30, 
31,33 
3,6-10, 
12-14, 
16,19, 
22-26, 
28,29, 
32,34-36 


m 


Further documents are listed in the continuation of box C 


id 


Patent family members are listed in annex. 


9 Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
■E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

■&■ document member of the same patent family 


Date of the actual completion of the international search 


23 May 2002 


Dale of mailing of the international search report 


31/05/2002 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 


Reville, L 


Form PCT7ISA/210 (second sheet) (July 1992) 


page 1 of 2 


1 


INTERNATIONAL SEARCH REPORT 

• 

Intej^fl^^nal Application No 

?&ms 01/22512 

C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT . 

Category • 

Citattor>of document, with indication .where appropriate, of the relevant passages 

Relevant to claim No. 

V 
Y (V 

/ WO 99 52231 A (ERICSSON INC) 
14 October 1999 (1999-10-14) 

page 3, line 15 -page 4, line 4 
page 4, line 13 -page 5, line 5 
page 6, line 16 -page 7, line 13 
/page 8, line 5 -page 9, line 12 
/page 10, line 16 - line 19 

/ page 11, line 10 - line 13 

' figure 1 

US 5 321 542 A (FREITAS RICHARD F ET AL) 
14 June 1994 (1994-06-14) 
abstract 
figure 4 

7-10, 

12-14, 

16, 

23-26, 
28,29, 
32,34-36 

3,6,19, 
22 


Form PCT/iSA/210 (continuation ol second sheet) (July 1992) 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 

^V>n patent family members 


Inforn 


Inteij^^^E 


al Application No 

01/22512 


Patent document 
cited in search report 

KUDiicaiion 
date 

Patent family 
member(s) 

Publication 
date 

WO 0004660 

A 

27-01-2000 

AU 

5213099 

A 

07-02-2000 



BR 

9912826 

A 

02-05-2001 




CN 

1318236 

T 

17-10-2001 




EP 

1095473 

A2 

02-05-2001 




PL 

346368 

Al 

11-02-2002 




TR 

200100102 

T2 

21-05-2001 




UO 

0004660 

A2 

27-01-2000 


WO 9952231 

A 

14- 

•10- 

•1999 

AU 

3064199 A 

25-10-1999 





WO 

9952231 Al 

14-10-1999 

US 5321542 

A 

14- 

-06- 

•1994 

DE 

69121837 Dl 

10-10-1996 





DE 

69121837 T2 

30-04-1997 






EP 

0483549 A2 

06-05-1992 






JP 

2511591 B2 

26-06-1996 






JP 

4249442 A 

04-09-1992 


Form PCT/1SA/210 (patent family annex) (July 1992) 


(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
24 January 2002 (24.01.2002) 



PCT 


lllllllllllllllllllllllll 

(10) International Publication Number 

WO 02/07350 A2 


(51) International Patent Classification 7 : 


H04B 10/10 


(21) International Application Number: PCT/US0 1/225 12 


(22) International Filing Date: 19 July 2001 (19.07.2001) 


(25) Filing Language: 


(26) Publication Language: 


English 


English 


(30) Priority Data: 

60/219,127 
60/220,843 
60/278,476 


19 July 2000 (19.07.2000) US 
26 July 2000 (26.07.2000) US 
26 March 2001 (26.03.2001) US 


(71) Applicant and 

(72) Inventor: CHILD, Joseph, R. [US/US]; 4600 Duke Street 
#531, Alexandria, VA 22304 (US). 

(74) Agent: LOWE, Allan, M.; Lowe Hauptman Gilman & 
Berner, LLP, Suite 310, 1700 Diagonal Road, Alexandria, 
VA 22314 (US). 


(81) Designated States (national): AE, AG, AL, AM, AT, AU, 

AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FT, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


fN 

^ (54) Title: FREE SPACE OPTICAL COMMUNICATION NETWORK AND STATIONS THEREOF 

(57) Abstract: A free space optical communication network includes plural stations, some capable of functioning as both trans- 
ceivers and repeaters, and to a station having such capability. The stations include a transmitter array having many optical emitter 
elements, each having an associated beam and a receiver having a receiver array with many optical detector element areas having 
beams corresponding with the beam of an emitter element of a transmitting optical station of the network. An optical arrangement 
associated with the arrays and the arrays themselves are such that beams associated with different elements of each array can be 
coupled with different stations of the network. The stations include one or more of the following features: (1) overlapping beams, 
(2) avalanche photodiodes in the receive arras, (3) a filter arrangement for enabling only a desired wavelength to be transmitted from 
and received by the arrays, and (4) transmit and receive arrays at different locations in the stations so that photons emitted from the 
transmit array do not interfere with detectors of the receive array. 


WO 02/073^ W PCT/US01/22512 

FREE SPACE OPTICAL COMMUNICATION NETWORK 
AND STATIONS THEREOF 


Cross-Reference to Related Applications 

This application is an improvement on U.S. Patent Application Serial Number 
09/608,610, filed June 30, 2000, entitled Free Fixed and Mobile Optical 
Communication System, corresponding with PCT/US00/18147, filed July 1, 2000, 
both having priority based on the U.S. Provisional Application Serial Number 
60/141,861, filed July 1, 1999. This application is also a continuation in part of U.S. 
Provisional Applications Serial Number 60/219,127, filed July 19, 2000; Serial 
Number 60/220,843, filed July 26, 2000; and Serial Number 60/278,476, filed March 
26,2001. 

Field of Invention 

The present invention relates generally to free space optical communications 
and more particularly to a free space optical communication network including plural 
stations, at least some of which are capable of functioning as both transceivers and 
repeaters, and to a station having such capability. A further aspect of the invention 
relates to an optical station for use in a free space optical communication network 
including a transmitter with a transmitter array having many optical emitter elements, 
each having an associated beam and a receiver having a receiver array with many 
optical detector element areas having beams corresponding with the beam of an 
emitter element of a transmitting optical station of the network, wherein an optical 
arrangement associated with the receive and transmit arrays and the arrays are such 
that beams associated with different elements of each array can be coupled with 
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different stations of the network, in combination with one or more of the following 
features: (1) overlapping beams, (2) avalanche photodiodes in the receive array, (3) 
a filter arrangement for enabling only a desired wavelength to be transmitted from 
and received by the arrays, and (4) transmit and receive arrays at different locations 
in the stations so that photons emitted from the transmit array do not interfere with 
detectors of the receive array. 

Background of the Invention 

The demand for higher data rates, in telecommunications is growing rapidly. 
Future demands for data transmission cannot be met with existing or anticipated 
systems. The capacity of high speed computers will remain largely unexplored 
unless transmission facilities become available for supporting much higher data rates 
than are currently available. Fiber optic transmission systems were perceived as an 
answer to the problem. However, after decades of fiber optic line deployment, 
approximately only 5 percent of the largest three-quarters of a million commercial 
buildings in the United States have fiber optic lines passing them. Most commercial 
buildings do not and may never have taps into fiber lines for numerous reasons 
related to construction efforts required to connect the buildings to the fiber optic 
lines. 

Free space optical communications is rapidly being accepted in the 
telecommunications industry as a suitable technology for local connections between 
telecommunication networks and network users, particularly for broadband services. 
The cost of free space optical links is relatively high, however. A major cost of free 
space optical links is the electromechanical parts that keep narrow optical beams 
aligned over the free space link. 
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The system described in my published PCT application, PCT/US00/18147, 
corresponding with WO 01/03241 A1 contains multiple stations and arrays of 
detectors and emitters for sending and receiving free space optical signals. Each 
array contains transmit (i.e., emitter) and receive (i.e., detector) elements positioned 
at a focal surface of an optical antenna so that one array contains both receiver and 
transmitter elements. Feasibility studies, however, indicate that it may be 
undesirable for the transmit and receive elements to be positioned at the same focal 
surface of the same optical antenna. 

Optical, i.e., photonic, detectors are typically sensitive to optical energy across 
a wide range of wavelengths, i.e., frequencies. Energy entering a station and 
reaching detectors of a receive array of the station can cause interference with 
desired received optical signals. Furthermore, if sufficient solar energy is incident on 
detectors of a receive array or emitters of; a transmit array, damage to the detectors 
or emitters can occur. In particular, the undesired energy can cause heating of the 
detectors and emitters, resulting in thermal damage to them. 

Typically, in the prior art, the transmitted and received beams of an optical free 
space communication network have been relatively narrow spot beams, typically 
milliradians in diameter. These very narrow beams, however, require very precise 
alignment between corresponding emitter;and detector elements of the transmit and 
receive arrays. If, however, there are atmospheric disturbances or perturbations in 
the communication link and/or a building including a transmit or receive array sways, 
as frequently occurs, the transmit and receive beams deviate from the desired path, 
causing signal failure. In the past, the perception has been that it is necessary to 
use very narrow beam widths because receive arrays have employed low sensitivity 
detectors. 
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Typical prior art free space optical communication networks have employed 
point to point links, with a singletree space optical link being provided between each 
transmit and receive array. However, there are frequently disturbances in the link 
which cause transient and/or permanent disabling of the link. A further problem with 
the prior art networks is that they do accommodate an inoperative emitter in a 
transmit array and/or an inoperative detector in a receive array. The emitters and 
detectors of the arrays have a tendency to fail during operation as well as a 
tendency, when the array is initially manufactured, to be inoperative. The prior art 
free space optical communication networks also are characterized by dedicated 
transceiver stations and dedicated repeater stations. It has now been realized that 
such dedicated stations are unnecessarily expensive. 

Summary of the Invention 

According to one aspect of the invention, a communication network comprises 
a plurality of optical stations adapted to be coupled to each other by free space 
optical links. A first of the optical stations is a base station adapted to do to be 
coupled to (a) stations other than the optical stations, e.g., to the Internet, or a 
conventional telephone system, and (b) at least one of the plural optical stations. 
Each of the plural optical stations has an identification, e.g., an address, and is 
arranged to couple optical messages to others of the optical stations via the optical 
links. Each of the messages includes a data portion and an identifier for a 
destination station of the message,, e.g., the destination station address. Each of the 
optical stations is arranged for (a), determining if the destination station identifier in a 
message matches the identification of the optical station receiving the message, and 
(b) responding to the data portion of the message in response to the identifier being 
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the identification of that particular station. Others of the optical stations are arranged 
for (a) determining if the destination station identifier in a message matches the 
identification of the optical station receiving the message, (b) responding to the data 
portion of the message in response to the identifier being the identification for that 
particular station, and (c) relaying the message toward the destination station in 
response to the identifier being different from the identification for that particular 
station. 

Another aspect of the invention relates to an optical station for use in a 
communication network having a plurality of the optical stations that are adapted to 
be coupled to each other by free space optical links. Each of the plural optical 
stations has an identifier. The optical station comprises a receiver of free space 
optical energy messages and an emitter of free space optical energy messages. 
Each of the messages includes a data portion and an identifier for a destination 
station of the message. The optical station is arranged for (a) determining if the 
destination station identifier in a message matches the identification of the optical 
station, (b) responding to the data portion of the message in response to the 
identifier being the identification for the, station, and (c) relaying the message toward 
the destination station in response to the identifier being different from the 
identification for the station. 

The messages are preferably arranged in packets, each including overhead 
bits indicating a packet type and the destination station identifier. The overhead bits 
can also indicate (a) the identification of the optical station originating the message, 
and (b) the type of station emitting the message. 

At least one of the plural optical stations can be a relay station for (a) 
detecting the destination station identifier in messages that the relay station receives, 
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and (b) relaying the message toward the destination station in response to the 
detected identifier. The relay station is indapable of responding to the data portion of 
the message. The plural optical stations arranged for performing (a), (b) and (c) are 
end user stations, some of which are mobile. 

Each of the optical stations is preferably arranged for transmitting each 
message on a monochromatic carrier having a particular wavelength. Each of the 
optical stations preferably includes a receive array associated with a filter 
arrangement for passing the wavelength to detectors of the receive array and 
preventing other wavelengths from substantially affecting the detectors of the receive 
array. Each of the optical stations also preferably includes a transmit array 
associated with a filter arrangement for (a) passing the wavelength to free space 
from emitters of the transmit array and (b) preventing other wavelengths from 
substantially affecting the emitters of the transmit array. 

Preferably, each of the optical stations includes a transmit array and a receive 
array. The transmit and receive arrays of a particular optical station are at different 
locations so that photons emitted from the transmit array at the particular optical 
station do not interfere with detectors of the receive array at the particular optical 
station. 

The transmit and receive arrays at any particular optical station are preferably 
associated with plural beams. Some of the plural beams of one optical station are 
arranged to be coupled with more than one of the other optical stations of the 
network. Preferably, at least two of the plural beams of one optical station that are 
arranged to be coupled with more than one of the optical stations have overlapping 
portions when incident on detectors in a receiver array of an optical station coupled 
via one of the optical links with the optical station transmitting the overlapping 
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beams. 

The optical stations can be arranged so there are plural optical links among 
the optical stations. Each of the plural optical links between some of the optical 
stations can include different intermediate optical stations for relaying messages 
from an originating optical station to a designated destination optical station. 

The optical stations are preferably arranged, (e.g., spaced from each other) 
so each beam incident on a receiving optical station includes parallel rays. Each 
optical station preferably includes (a) an array of optical detectors arranged in 
detector areas and (b) an optical element for focusing each beam incident on one 
detector area of the receiving optical station. Each optical station also preferably 
includes a transmit array of optical emitters for emitting optical beams, and an optical 
element for causing each emitted beam to diverge slightly as it travels through free 
space. The emitters and optical arrangement are arranged so that beams derived 
from different emitters of the same emitting array can propagate to different optical 
receiving stations. 

Because of the diverging beams, each optical station preferably includes a 
receive array having many avalanche photodiodes, which have photon sensitivity an 
order of magnitude greater than conventional silicon photodiodes. 

Each optical station also preferably includes a transmit array including many 
optical emitters each having an associated beam and a receive array including many 
optical detector areas each having an associated beam. The beam of a detector 
area of a receiving optical station preferably corresponds with the beam of an emitter 
of transmitting optical station. 

Other aspects of the. invention have as a common feature an optical station 
for use in a communication network having a plurality of optical stations. The optical 
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stations are adapted to be coupled to each other by free space optical links. The 
optical station comprises a receiver of free space optical energy messages and a 
transmitter of free space optical energy messages. The receiver includes a receive 
array having many optical detector element areas each having an associated beam. 
The transmitter includes a transmit array including many optical emitter elements 
each having an associated beam. The beam of a detector area corresponds with the 
beam of an emitter element of an originating optical station of the network. An 
optical arrangement is associated with the receive and transmit arrays. The optical 
arrangement and the arrays are such that beams associated with different elements 
of each array can be coupled with different stations of the network or can overlap 
when coupled with different stations, of the network. Another feature that can be 
combined with the common feature is that the receive array can include many 
avalanche photodiodes. 

A further feature that can be combined with the common feature is that the 
optical emitter elements emit a monochromatic carrier having a particular 
wavelength. The receive array is associated with a filter arrangement for (1 ) passing 
the wavelength to detectors of the receive array and (2) preventing other 
wavelengths from substantially affecting, the detectors of the receive array. In 
addition, the transmit array can be. associated with a filter arrangement for (1) 
passing the wavelength to free space from the emitters of the transmit array and (2) 
preventing other wavelengths from substantially as affecting the emitters of the 
transmit array. 

An added feature that can be combined with the common feature is that the 


beam of a detector area corresponds with the beam of an emitter element of a 
transmitter optical station of the network. An optical arrangement is associated with 
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the receive and transmit arrays. The optical arrangement and the arrays are such 
that beams associated with different elements of each array can be coupled with 
different stations. The transmit and receive arrays are at different locations so that 
photons emitted from the transmit array at the station do not interfere with detectors 
of the receive array at the station. 

The above and still further objects, features and advantages of the present 
invention will become apparent upon consideration of the following detailed description, 
of one specific embodiment thereof, especially when taken in conjunction with the 
accompanying drawings. 

Brief Description of the Drawing 

Fig. 1 is a diagram of an exemplary free space optical mesh communication 
network in accordance with an embodiment of the present invention; 

Fig. 2 is a diagram of a data packet included in messages transmitted 
between stations of the network of Fig. 1; 

Fig. 3 is a schematic diagram of a station included in the network of Fig. 1 ; 

and 

Fig. 4 is a schematic diagram of a transmit array and a lens in the station of 
Fig. 3, wherein the transmit array emits plural beams which overlap at a station of 
the network of Fig. 1 . 

Detailed Description of the Drawing 

Reference is now made to the free space optical communication mesh 
network of Fig. 1 that includes base station 12 and other stations which 
communicate with each other and the base station by free space optical 
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communication links. Base station 12, in addition to being optically coupled to the 
stations of network 10, is connected to stations of other networks 13 by prior art 
telecommunication links. The other networks 13 can, for example, include, the 
Internet and other prior art voice, video and data networks. A geographical location, 
such as a city, can include several free space optical communication networks 
similar to network 10. 

Adjacent stations of network 10 are in line of sight of at least one other 
station within the network 10 and spaced from each other by a distance such that 
optical energy transmitted from one station to another station is in beams having 
rays that are essentially parallel to each other within the portion of the beam received 
at a receive array of a receive station. The optical energy in each beam is preferably 
monochromatic, and can be coherent such that each link has the same wavelength. 
The beams transmitted from each station diverge slightly, and typically have a beam 
width of two to three degrees, in contrast to prior art systems which have employed 
beam widths typically less than one degree. The beams are emitted from a transmit 
array including many optical emitters and detected by a receive array including many 
optical detectors at each station. 

Network 10, in addition to including base station 12, has several end user 
stations 14, some of which are fixed and some of which can be mobile; the end user 
stations are indicated in Fig. 1 as squares. Network 10 also includes relay stations 
16, indicated in Fig. 1 by circles. Stations 12, 14 and 16 are coupled together in a 
hierarchical manner, with base station 12 having a hierarchy designation of 1, the 
relay stations 16 directly coupled to base station 12 having a hierarchy of 2, the end 
user and relay stations directly coupled with the relay stations of hierarchy 2 having a 
hierarchy of 3, etc. The hierarchies are indicated in the squares and circles 
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designating the end user and relay stations by their position number within the 
hierarchy. 

All of the end user stations 14 are optical transceivers, i.e., they can transmit, 
originate, receive and decode user data. 1 In addition, the fixed user stations also 
function as repeaters, i.e., relay stations that do not originate or decode user data, 
thereby enabling the number of repeaters in the network that are not fixed end user 
stations to be substantially reduced. There are also multiple optical links to and from 
some stations of network 10, which is advantageous in the event of an obstruction 
being in one of the free space optical links between a pair of stations or in the event 
of a failure of the stations in the link. 

The free space optical links of network 10 carry messages between stations 
12, 14 and 16. Each message is arranged as a packet, including user data portion 
20, Fig. 2, and overhead bits 22, which are typically included in a header of the 
packet, but can be elsewhere in the packet. The number of user data bits 20 can be 
large and not necessarily fixed. Overhead bits 22 are divided into several different 
groups, representing different information important for transmitting a packet 
between stations in mesh network 1 0 and from the mesh network to other networks 


One group of overhead bits 22 indicates the type of packet, i.e. that the 
packet originated within local mesh network 10, the types of station in network 10 
where the packet originated or that the packet originated from a station in network 13 
external to network 10. A second group of overhead bits 22 indicates the address of 
the destination station, in the above example end user station 14.1. Several 
overhead bits are also included for the address of the station which originated the 
message, e.g., base station 12. Other overhead bits are allocated for control 
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purposes, status purposes, and other system properties important in transmitting a 
message, including parity bits for error detection and or correction purposes. 

Electronic circuitry, e.g., a microprocessor 32 including memory, included in 
each of the stations evaluates the information content of overhead bits to initially 
determine if the station itself is the destination of a received message. In response 
to the station detecting that it is not the destination for the message, the station 
transmits the entire message to another station in the network 10 with which the 
station shares a link. If, for example, the message is being transmitted from base 
station 12 to end user station 14.1, and the message is at relay station 16.1, relay 
station 16.1 determines, from the destination address of the message and 
instructions stored in its electronic circuitry, the next station or stations to receive the 
message. 

Relay station 16.1 determines, : from its memory, that the message for end 
user station 14.1 can be routed to that end user station by one or more links to 
station 16.1. That is, each station stores information in its memory indicative of 
which links to adjacent stations are to be used fOr sending the message to a 
particular end destination address within the network 10. One of the links may be to 
relay station 16.2, while the other link to relay station 16.3. Relay station 16.1 
transmits the message to both relay stations 16.2 and 16.3. Relay station 16.2 
responds to the message by sending station 16.1 an acknowledgement packet, and 
then transmits the message over the next link toward station 14.2 as determined by 
station 16.2 examining its memory for link information stored for station 14.1. End 
user station 14.2 reads the destination address overhead bits in the message and 
processes the message in the same way that the message is processed by a relay 
station, relaying the message over predetermined links toward station 14.1. End 
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user station 14.2 may route the message to end user station 14.3. Station 14.3 
transmits the message to end user station 14.4. End user station 14.4 processes the 
message in the same manner that the. message is processed by end user stations 
14.2 and 14.3. End user station 14.4 then transmits the message to end user station 
14.1. 

End user station 14.1 compares the destination address overhead bits in the 
message with destination data stored in its memory. End user station 14.1 finds that 
there is a match between its address and the message destination address. In 
response to the match being detected, end user station 14.1 electronically transfers 
the message to the local end user. 

Network 10 includes multiple stations with different quantities of beams. A 
relay station may have a sufficient number of beams to have a field of regard that is 
360 degrees. An end user station's field of regard may be only 45 degrees since it 
may be intended for communications through an office building window. 

Because the beams of the transmit and receive arrays are somewhat 
diverging, having a beam angle that is typically two to three degrees, precise 
alignment of the detectors and emitters of the receive and transmit arrays is not 
necessary. In addition, the outgoing, i.e., transmit beams and the incoming, i.e., 
receive beams of each station are configured such that adjacent beams overlap, as 
incident on a receive array, or as transmitted from a transmit array. This provides 
coverage redundancy and ensures coverage at a receive array in the event of (1) an 
emitter of a transmit array failing or (2) slink alignment between the transmit and 
receive arrays changes slightly as is often. the case with very tall buildings swapping. 

A local network 10 has a central base station 12. When a new station is 
introduced into the network, whether it is a mobile station or newly installed fixed 
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station, the central base station is accessed over the network by the entering unit 
transmitting a message to the base station 12. Base station 12 stores in its memory 
a set of destination addresses for units operating within network 10. An entering 
station sends its unique electronic ID to the base station. The ID is unique among all 
the stations manufactured. 

To ensure that stations in mesh network 10 are current in their knowledge of 
the stations connecting them with the other stations in network 10, every end user 
station 14 periodically transmits an outgoing "maintenance" packet to base station 
12. The period between "maintenance" .packets transmitted by a given station is 
called the "ID Period" and is a fixed duration. The "maintenance" packet has bits set 
in the packets overhead bits for "packet type" 22 to indicate the packet is a 
"maintenance" packet. Each station that receives a "maintenance" .packet 
determines the "packet type" and records in memory the end user source 
identification address and the link used to receive the packet. The packet reaches 
base station 12, which also records the source identification and beam or links used. 
The base station then abandons the' packet. The source identification and link 
information is used subsequently to determine which link to use when sending a 
message to that end user station. 

Each station relays the "maintenance" packet toward the base station. The 
information stored in the memory at each .station as a result of these "maintenance" 
packets being relayed across the network 10 remain valid for a period between one 
or more "ID Periods". The information is then erased from a station's memory. This 
allows stations to be continually updated as mobile stations move from one beam or 
station to the next. The "maintenance" packets are transmitted relatively frequently, 
for example, once every ten seconds by> stations 14 with fixed location and once 
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every few milliseconds by mobile stations. 


Packets or messages initiated by an end user station always contains 


the source station's identification address. When any packet originating at an end 
user station passes across the network 10, the address of the source is read by each 
station receiving and relaying the packet. That is, all messages are used to 
determine user addresses and associate them with links. The "maintenance" 
packets serve to refresh stations when no user messages with are being transmitted. 

Packets received by a station 12, 14, or 16 contain a destination address for 
the packet. There are 3 ways a station processes the packet depending on the 
destination address contained in the packet The address may be the address of the 
station itself, or an address in the list of addresses created by "maintenance" packets 
or previously received messages. The third possibility is that the address is neither 
the station's address nor in the list it maintains. In this event the packet is 
abandoned. > 

Reference is now made to Fig. 3 of the drawing, a schematic diagram 
primarily of the optics included at each of stations 12, 14 and 16 of network 10. The 
station illustrated in Figure 3 includes, transmit array 30 and receive array 32 and 
associated optical elements 34 and 36, illustrate as lenses. It is to be understood, 
however, that optical elements 34 and 36 can take other forms, for example, as 
disclosed in my co-pending United States provisional application Serial Number 
60/2799131, filed March 28, 2001, entitled Spherical Antenna for Optical 
Communication. Transmit array 30 and receive array 32 and their associated optical 
elements 34 and 36 are positioned at a station so that the arrays are physically 
separate from each other so photonic energy emitted from transmitting array 30 does 
not interfere with signals arriving at detectors in receive array 32. Hence, arrays 30 
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and 32 can be considered as associated with separate optical antenna systems or 
lenses. 

Transmit array 30 includes a matrix of monochromatic, preferably coherent 
optical emitters 38, preferably having a wavelength in the infrared region. Each of 
emitters 38 generates a diverging beam that is incident on lens 34. Lens 34 
converts the diverging beam incident on it from emitter 38 into a beam having a 
beam incident on it from emitter 38 into a beam having a beam angle of 
approximately 2 to 3 degrees. The beam emerging from lens 34 propagates toward 
a receive array in an adjacent station. Each of emitters 38 is driven by a separate 
electrical signal source within the Signal Source Circuitry 40 so that each emitter is 
operated independent of signals being sent by Signal Source Circuitry to other 
emitters 38 in the same array 30. 

Signal Source Circuitry 40 is responsive to signals derived by microprocessor 
42, the signals of which are commensurate with the user data and overhead bits in a 
packet, as illustrated in Fig. 2 and previously described. 

Signal Receive Circuitry 32 includes a rectangular matrix of optical detectors 
44, preferably high sensitivity avalanche photodetectors. Optical detectors 44 are 
responsive to optical beams focused on them by lens 36, in turn responsive to 
optical beams transmitted to the station of Fig. 3 from an adjacent station in network 
10. Because avalanche photodetectors have a photon sensitivity approximately two 
orders of magnitude greater than conventional, simple photodiodes previously 
employed in free space optical communication links, avalanche photodetectors are 
preferably employed in array 32. This is because the optical energy incident on lens 
36 has a relatively wide beam width, such^as 2-3 degrees, compared with a typical 
prior art network having beam widths of less than one degree. The wide beam width 
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results in low photon density, requiring high sensitivity detector 44 


Each of detectors 44 supplies an electric signal to Signal Receive Circuitry 46 
using a separate, independent connection. When an electrical signal from detectors 
44 exceeds a preset threshold level as determined by Signal Receive Circuitry's 
logic, 46 forms a logical connection with microprocessor 42 and communicates the 
signal from detector 44 to microprocessor 42, which is programmed and has 
memory for performing the various previously discussed processing functions. In 
essence, microprocessor 42 responds to the signals from Signal Receive Circuitry 
46 to determine if an emitter in transmit array 30 is to be activated. If microprocessor 
42 determines that an emitter in transmit array 30 is to be activated, the 
microprocessor selects which emitter in the transmit array is to be activated so that 
transmit array 30 and lens 34 direct the emitted optical energy to the receive array of 
an appropriate station in network 10. The^selection of which emitter to use is 
determined as discussed herein. 

Each of optical emitters 38 generates an optical beam which is incident on 
lens 34. The beams from different optical emitters of array 30 are directed by lens 
34 to different stations 12, 14 or 16 in network 10. For each detector 44 in receive 
array 32 at the station illustrated in Fig. 3 there is one or more corresponding 
emitters, such as emitter 38, in a transmit array at another station in network 10 that 
couples optical energy to the station illustrated in Fig. 3. The beam associated with 
one detector of receive array 32 has a corresponding beam associated with and 
directed from a specific emitter in the transmit array of the other station in network 
10. Such an arrangement allows the station of Fig. 3 to receive on a given beam 
and communicate with the other station of network 10. 

Lenses 34 and 36 are such that the beams transmitted from lens 34 as well 
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as the beam transmitted from another station in network 10 to lens 36 are slightly 
divergent, having a beam width of about 2 to 3 degrees. The beams generated by 
different optical emitters of array 30 can also be directed by lens 34 so they overlap, 
when incident on a receive array, such as receive array 32, at another station in 
network 10. The overlapping coverage patterns are indicated by the overlapping 
region 48 of circles 50 and 52, Figure 4, provided by overlapping beams 54 and 56. 
Overlapping region 48 provides adequate coverage or density to ensure coverage at 
a receive array in the event of an emitter of transmit array 30 failing or failure in the 
optical link between transmit array 30 and an array similar to receive array 32 at 
another station in network 10. 

User end stations 14 and relay station 16 can include one or more of transmit 
array 30 and receive array 32 and associated optics, depending upon the required 
field of view of the particular station. Typically, base station 12 includes three or 
more transmit arrays and three or more receive arrays to enable the base station to 
have 360 degree coverage in the horizontal plane. 

Detectors 44 of receive array 32 are sensitive to optical energy across a wide 
range of wavelengths. Optical energy incident on emitters 38 and detectors 44 can 
have an adverse effect on the emitters and detectors because of heating effects, 
particularly when solar energy is concentrated on the arrays by lenses 34 and 36. 
Optical energy incident on detectors 44 having a wavelength different from the 
wavelength transmitted between the stations of network 10 can interfere with the 
signals which receive array 32 desirably receives. To avoid these adverse effects, 
lenses 34 and 36 are coated so that they pass the wavelength of the monochromatic 
energy emitted by emitters 38 and block other optical wavelengths. Alternatively, a 
cowling or shield can be positioned in front of lenses 34 and 36 to pass the 
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wavelength of the monochromatic energy and block other optical energy. 

From the foregoing, stations of the type illustrated in Fig. 3 saturate a 
coverage area with multiple overlapping beams, enabling a receive beam at the 
station of Fig. 3 or some other station in the network constructed the same as the 
station of Fig. 3 to vary in arrival angles without consequence. Signals modulating 
the beam can move from one receive beam to another without requiring the stations 
to realign the beams. 

While there has been described and illustrated a specific embodiment of the 
invention, it will be clear that variations in the details of the embodiment specifically 
illustrated and described may be made without departing from the true spirit and 
scope of the invention as defined in the appended claims. 
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What is claimed is: 

1. A communication network comprising a plurality of optical stations 
adapted to be coupled to each other by free space optical links, a first as said optical 
stations being a base station adapted to do to be coupled to (a) stations other than 
said optical stations and (b) at least one of the plural optical stations, each of the 
plural optical stations having an identification and being arranged to couple optical 
messages to others of the optical stations via the optical links, each of the messages 
including a data portion and an identifier for a destination station of the message, 
each of the optical stations being arranged for (a) determining if the destination 
station identifier in a message matches the identification of the optical station 
receiving the message, and (b) responding to the data portion of the message in 
response to the identifier being the identification of that particular station, others of 
the optical stations being arranged for (a) determining if the destination station 
identifier in a message matches the identification of the optical station receiving the 
message, (b) responding to the data portion of the message in response to the 
identifier being the identification for that particular station, and (c) relaying the 
message toward the destination station in response to the identifier being different 
from the identification for that particular station. 

2. The network of claim 1 wherein the messages are arranged in packets, 
each of the packets including overhead bits indicating a packet type and the 
destination station identifier. 

3. The network of claim 2 wherein the overhead bits also indicate (a) the 
identification of the optical station originating the message, and (b) the type of station 
emitting the message. 

4. The network of any of claims 1-3 wherein at least one of the plural 
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optical stations is a relay station for (a) detecting the destination station identifier in 
messages that the relay station receives, and (b) relaying the message toward the 
destination station in response to the detected identifier, the relay station being 
incapable of responding to the data portion of the message. 

5. The network of any of claims 1-4 wherein at least some of the plural 
optical stations arranged for performing (a), (b) and (c) are end user stations. 

6. The network of any of claims 1-5 wherein some of the optical stations 
are mobile. 

7. The network of any of claims 1-6 wherein each of the optical stations is 
arranged for transmitting each message on a monochromatic carrier having a 
particular wavelength, each of the optical stations including a receive array 
associated with or without a filter arrangement for passing the wavelength to 
detectors of the receive array and preventing other wavelengths from substantially 
affecting the detectors of the receive array. 

8. The network of any of claims 1-7 wherein each of the optical stations is 
arranged for transmitting each message on a monochromatic carrier having a 
particular wavelength, each of the optical stations including a transmit array 
associated with a filter arrangement for (a) passing the wavelength to free space 
from emitters of the transmit array and (b) preventing other wavelengths from 
substantially affecting the emitters of the transmit array. 

9. The network of any of claims 1-8 wherein each of the optical stations 
includes a transmit array and a receive array, the transmit and receive arrays of a 
particular optical station being at different locations so that photons emitted from the 
transmit array at the particular optical station do not interfere with signals arriving at 
detectors of the receive array at the particular optical station. 
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10. The network of any of claims 1-9 wherein each of the optical stations 
includes a transmitter array and a receive array, the transmit and receive arrays at 
any particular optical station being associated with plural beams, some of the plural 
beams of one optical station being arranged to be coupled with more than one of the 
other optical stations of the network. 

1 1 . The network of claim 1 0 wherein at least two of the plural beams of one 
optical station that are arranged to be coupled with one or more of the optical 
stations have overlapping beams when incident on detectors in a receiver array of an 
optical station coupled via one of the optical links with the optical station transmitting 
the overlapping beams. 

12. The network of any of claims 1-11 wherein the optical stations are 
arranged so there are plural optical links among some of the optical stations, each of 
the plural optical links between some of the optical stations including different 
intermediate optical stations for relaying messages from an originating optical station 
to a designated destination optical station. 

13. The network of any of -claims 1-12 wherein the optical stations are 
arranged so each beam incident on a receiving optical station includes rays 
essentially parallel, each optical station including (a) an array of optical detectors 
arranged in detector areas and (b) an, optical element for focusing each beam 
incident on one detector area of the receiving optical station. 

14. The network of any of claims 1-13 wherein each optical station includes 
a transmit array of optical emitters for emitting optical beams, and an optical element 
for causing each emitted beam to diverge slightly as it travels through free space, the 
emitters and optical arrangement being arranged so that beams derived from 
different emitters of the same emitting array can propagate to different optical 
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receiving stations. 

1 5. The network of any of claims 1-14 wherein each optical station includes 
a receive array having many avalanche photodiodes. 

16. The network of any of claims 1-15 wherein each optical station includes 
a transmit array including many optical emitters each having an associated beam 
and a receive array including many optical detector areas each having an associated 
beam, the beam of a detector area of a receiver optical station corresponding with 
the beam of an emitter of transmitter optical station. 

17. An optical station for use in a communication network having a plurality 
of the optical stations, the optical stations being adapted to be coupled to each other 
by free space optical links, each of the plural optical stations having an identifier, the 
optical station comprising a receiver of free space optical energy messages and an 
emitter of free space optical energy messages, each of the messages including a 
data portion and an identifier for a destination station of the message, the optical 
station being arranged for (a) determining if the destination station identifier in a 
message matches the identification of the optical station, (b) responding to the data 
portion of the message in response to the identifier being the identification for the 
station, and (c) relaying the message toward the destination station in response to 
the identifier being different from the identification for the station. 

18. The station of claim 17 wherein the messages are arranged in packets, 
each of the packets including overhead bits indicating a packet type and the 
destination station identifier. 

19. The station of claim 18 wherein the overhead bits also indicate (a) the 
identification of the optical station originating the message and (b) the type of station 
emitting the message. 
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20. The station of any of claims 17-19 wherein the optical station is a relay 
station for (a) detecting if the destination station identifier in messages that the relay 
station receives. 

21. The station of any of claims 17-19 wherein the optical station is an end 
user station. 

22. The station of any of claims 17-19 or 21 wherein the optical station is 
mobile. 

23. The station of any of claims 17-22 wherein the optical station is 
arranged for transmitting each message on a monochromatic carrier having a 
particular wavelength, the' optical station including a receive array associated with a 
filter arrangement for passing the wavelength to detectors of the receive array and 
preventing other wavelengths from substantially affecting the detectors of the receive 
array. 

24. The station of any of claims 17-23 wherein the optical station is 
arranged for transmitting each message on a monochromatic carrier having a 
particular wavelength, the optical station including a transmit array associated with a 
filter arrangement for (a) passing the wavelength to free space from emitters of the 
transmit array and (b) preventing other wavelengths from substantially affecting the 
emitters of the transmit array. 

25. The station of any of claims 1 7-24 wherein the optical station includes 
a transmit array and a receive array, the transmit and receive arrays being at 
different locations so that photons emitted from the transmit array of the optical 
station do not interfere with detectors of the receive array at the station. 

26. The station of any of claims, 17-25 wherein the optical station includes 
a transmit array and a receive array, the transmit and receive arrays each being 
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associated with plural beams, some of the plural beams being arranged to be 
coupled with more than one of the other optical stations of the network. 

27. The station of claim ; 26 wherein at least two of the plural beams that 
are arranged to be coupled with more than one of the other optical stations of the 
network have overlapping portions when incident on detectors in a receiver array of 
another optical station of the network. 

28. The station of any of claims 17-27 wherein each beam incident on the 
optical station includes rays that are essentially parallel, the optical station including 
(a) .an array of optical detectors arranged in detector areas and (b) an optical 
arrangement for focusing each beam on one of the detector areas. 

29. The station of any of claims 17-28 wherein each optical station includes 
a transmit array of optical emitters^for emitting optical beams, and an optical 
arrangement for causing each beam to diverge slightly as it propagates in free 
space, the emitters and optical arrangement being arranged so that beams derived 
from different emitters of the transmit array can propagate to different optical stations 
of the network. 

30. The station of any of claims 17-29 including a receive array having 
many avalanche photodiodes. 

31. The station of any of claims 17-30 further including a transmit array 
including many optical emitters each shaving an associated beam, and a receive 
array including many optical detector areas each having an associated beam, the 
beam of a detector area of the station corresponding with the beam of an emitter of a 
transmitting optical station of the network, the transmitting optical station being 
different from the station of claims 17-31 . 

32. An optical station for use in a communication network having a plurality 
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of optical stations, the optical stations being adapted to be coupled to each other by 
free space optical links, the optical station comprising a receiver of free space optical 
energy messages and a transmitter of free space optical energy messages, the 
receiver including a receive array having many optical detector element areas each 
having an associated beam, the transmitter including a transmit array including many 
optical emitter elements each having an associated beam, the beam of a detector 
area corresponding with the beam of an emitter element of an originating optical 
station of the network, an optical arrangement associated with the receive and 
transmit arrays, the optical arrangement and the arrays being such that beams 
associated with different elements of each array can be coupled with different 
stations of the network or can overlap when coupled with different stations of the 
network. 

33. An optical station for use in a communication network having a plurality 
of optical stations, the optical stations being adapted to be coupled to each other by 
free space optical links, the optical station comprising a receiver of free space optical 
energy messages and a transmitter of free space optical energy messages, the 
receiver including a receive array having jnany optical detector element areas each 
having an associated beam, the transmitter including a transmit array including many 
optical emitter elements each having an associated beam, the beam of a detector 
area corresponding with the beam of an emitter element of an originating optical 
station of the network, an optical arrangement associated with the receive and 
transmit arrays, the optical arrangement and the arrays being such that beams 
associated with different elements of each array can be coupled with different 
stations of the network, the receive array including many avalanche photodiodes. 

34. An optical station for use in a communication network having a plurality 
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of optical stations, the optical stations being adapted to be coupled to each other by 
free space optical links, the optical station comprising a receiver of free space optical 
energy messages and a transmitter of free space optical energy messages, the 
receiver including a receive array having many optical detector element areas each 
having an associated beam, the transmitter including a transmit array including many 
optical emitter elements each having an associated beam, the beam of a detector 
area corresponding with the beam of an emitter element of an originating optical 
station of the network, an optical arrangement associated with the receive and 
transmit arrays, the optical arrangement and the arrays being such that beams 
associated with different elements of each array can be coupled with different 
stations of the network, the optical emitter elements emitting a monochromatic 
carrier having a particular wavelength, the receive array being associated with a filter 
arrangement for passing the wavelength to detectors of the receive array and 
preventing other wavelengths from substantially affecting the detectors of the receive 
array. 

35. An optical station for use in a communication network having a plurality 
of optical stations, the optical stations being adapted to be coupled to each other by 
free space optical links, the optical station comprising a receiver of free space optical 
energy messages and a transmitter of free space optical energy messages, the 
receiver including a receive array having many optical detector element areas each 
having an associated beam, the transmitter including a transmit array including many 
optical emitter elements each having an associated beam, the beam of a detector 
area corresponding with the beam of an emitter element of an originating optical 
station of the network, an optical arrangement associated with the receive and 
transmit arrays, the optical arrangement and the arrays being such that beams 
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associated with different elements of each array can be coupled with different 
stations of the optical emitter elements emitting a monochromatic carrier having a 
particular wavelength, the transmit array being associated with a filter arrangement 
for (a) passing the wavelength to free space from the emitters of the transmit array 
and (b) preventing other wavelengths from substantially as affecting the emitters of 
the transmit array. 

36. An optical station for use in a communication network having a plurality 
of optical stations, the optical stations being adapted to be coupled to each other by 
free space optical links, the optical station comprising a receiver of free space optical 
energy messages and a transmitter of free space optical energy messages, the 
receiver including a receive array having many optical detector element areas each 
having an associated beam, the transmitter including a transmit array including many 
optical emitter elements each having an associated beam, the beam of a detector 
area corresponding with the beam of an emitter element of a transmitter optical 
station of the network, an optical arrangement associated with the receive and 
transmit arrays, the optical arrangement and the arrays being such that beams 
associated with different elements of each array can be coupled with different 
stations of the transmit and receive . arrays being at different locations so that 
photons emitted from the transmit array at the station do not interfere with detectors 
of the receive array at the station. 
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